Introduction
Death by neurologic criteria (DNC, also known as brain death) is widely accepted by medical professionals, lawyers, and ethicists around the world as being functionally equivalent to cardiopulmonary death (1) (2) (3) . The concept of DNC was introduced in the United States in 1968 by an ad hoc committee at the Harvard Medical School (4) .
Although the medical community adopted this definition of death shortly thereafter, the legal community did not begin to universally acknowledge DNC as legal death until the publication of the Uniform Determination of Death Act in 1981 (5) .
Guidelines on declaration of DNC written by the American Academy of Neurology (AAN) in 1995 and then updated in 2010 serve as the basis for brain death protocols throughout the United States and internationally (6) (7) (8) . The guidelines require the following: identification of a definitive etiology for catastrophic brain injury; confirmation that prerequisite conditions are met (normal hemodynamics, exclusion of complicating factors such as pharmaceuticals or laboratory abnormalities that could impact the clinical examination); and demonstration that a patient is comatose, lacks brainstem reflexes, and is incapable of breathing spontaneously. If a portion of the neurologic examination cannot be performed, an ancillary test such as an electroencephalogram or angiogram is used to confirm lack of brain activity or blood flow to the brain. If a patient is pronounced dead by neurologic criteria, he/she is a candidate for organ donation (7) .
The public is largely unfamiliar with the definition and implications of DNC (9, 10) . Public surveys demonstrate a lack of awareness of the difference between brain death (death), coma (a temporary condition in which brain function is grossly impaired), and a persistent vegetative state (a permanent unconscious state with retention of brainstem reflexes, specifically the ability to breathe without assistance) (9, 10) . This confusion can impact public understanding of cases of brain dead patients in clinical settings or in the news and affect public response to policy and legislation pertaining to brain death and organ/tissue donation (3, (11) (12) (13) .
Television and film are a dominant way for the public to learn about medical issues (14) (15) (16) (17) (18) . While portrayals of medical topics can sometimes provide scientifically accurate education, at other times, they can be overly sensationalistic and misleading (14) (15) (16) (17) (18) . Because the public is largely unaware that after declaration of DNC, a death certificate is issued and organ support is discontinued unless organ donation is planned (8) (9) (10) , television and film can be useful tools to educate audiences and dispel myths about this topic. We sought to evaluate whether television and film coverage of DNC is educational or misleading.
Materials and Methods
Two authors (A.L. and J.W.) independently searched the plots of television shows and movies in the archives of the Paley Center for Media (which contains 160 000 titles from 1918 to 2016) (19) and the Internet Movie Database (which contains 3.7 million titles from 1874 to 2016) (20) using the keywords "brain dead" and "brain death." Productions were excluded if (1) the database classified them as fantasy, science fiction, or documentary (as we wanted to focus on fictionalized productions but avoid inclusion of absurd intentionally unrealistic shows or movies); (2) they were not films or television shows (i.e. video games); (3) the term "brain dead" or "brain death" was used in a nonmedical context (i.e. reference to someone who was unintelligent) or to describe a persistent vegetative state; (4) they were produced outside of the United States (as the Paley Center for Media and the Internet Movie Database are both based in the United States, we felt confident that they offered a comprehensive listing of productions on brain death created in the United States, but we excluded those from outside the United States due to concern that they only represented a limited biased sample of such productions); or (5) they were not available on any commercial streaming websites or in the archive at the Paley Center. If there was disagreement between the two authors about whether a production met inclusion/exclusion criteria, we reviewed the plots together and consensus was reached. If the brain death plot continued in multiple episodes of a television show, all available episodes until the brain death storyline concluded were treated as a single production.
All productions were reviewed simultaneously by two board-certified neurologists (A.L. and J.W.). Objective data on the content of each production (Appendix S1) were discussed. If both authors felt a situation or statement about brain death or organ donation was misleading or incorrect, the details of the situation/statement were recorded. Notation was made if the authors disagreed on anything. These data were analyzed using descriptive statistics. At the conclusion of each production, both authors independently provided their reaction (strongly agree, somewhat agree, neutral, somewhat disagree, strongly disagree) to the following statements: (1) "After watching this production I believe the public would have a complete and accurate understanding of brain death;" and for cases involving organ donation, (2) "The discussion of organ donation with the family was professional." Assessments of professionalism during discussions of organ donation with families were based upon vocabulary, tone, timing, and location of these discussions. Interrater reliability was assessed with SPSS Statistics 21 using unweighted j statistics (A.L.). No human subjects were involved in this study, so Institutional Review Board approval was waived.
Results

Productions
Our search yielded 79 titles from the Internet Movie Database and 15 from the Paley Center. After application of exclusion criteria (Figure 1 ), we identified 34 relevant titles, 24 of which were available for viewing (Appendix S2). There were 12 productions created before the AAN guidelines were published (1978-1995), 7 (58%) of which were accessible, and 22 created after the guidelines were published (1996-2015), 17 (77%) of which were accessible. Of the relevant titles, three were movies, two of which were accessible. One production (2014) continued the brain death plotline into subsequent episodes that were unavailable to us. The median production length was 45 min (interquartile range [IQR] 43-49).
The two authors who watched every production did not disagree on any objective assessments. Subjectively, both authors believed only a small fraction of productions (13% A.L., 13% J.W.) would give the public a complete and accurate understanding of brain death (Figure 2 ). There was moderate agreement between the two authors' reviews, j = 0.57 (95% CI 0.45-0.69; p < 0.0005).
Medical aspects of brain death
A medical team was included in 22 productions, but only 12 (55%) of these productions described or showed a physician performing a neurologic examination. No productions included mention of a brain death protocol, guidelines about how a brain death evaluation should be conducted, or prerequisites that need to be met before a DNC evaluation can be completed. Six (25%) productions demonstrated or described an examination to assess for absence to stimulation (coma). Although nine (38%) productions showed/described an evaluation for at least one brainstem reflex, no productions showed/described an evaluation for every brainstem reflex as is required to make a determination of DNC. An apnea test was included in two (8%) productions. In both cases this was done despite the fact that the clinical examination was not performed or was not consistent with brain death. Table 1 illustrates the number of productions that described/portrayed each portion of the brain death evaluation.
The median amount of time devoted to the brain death plotline was 8 min (IQR 3.4-13.8). A character was brain dead in 19 productions, but in many of these, it was unclear as to when time of death was officially declared (see Table 2 for misleading situations and statements about brain death). One production featured locked-in syndrome (a brain death mimic in which a patient is able to comprehend and move their eyes, but is completely paralyzed). The remaining four productions included patients with severe brain injuries from whom treatment was withdrawn, but there was no reference to brain death (although lack of brainstem reflexes was noted in two and the patient was referred to as being in an irreversible coma in a third).
Of the 19 productions that featured a brain dead character, there was only the following: 1 (from 1984) in which the medical team implied that the patient could recover after declaration of brain death; 2 (from 1978 and 1984) in which a member of the medical team referred to the patient as being on life support after brain death was declared (thereby implying the patient was still alive); and 3 (from 1978, 1984, and 1995) in which a member of the medical team directly referred to a patient as being alive after declaration of brain death. Except in the case of the patient who was locked-in and was incorrectly determined to be brain dead, no patients recovered after declaration of brain death.
Social and legal aspects of brain death
Brain death was explained to the family on camera in eight (33%) productions. The median amount of time devoted to this explanation was 13 s (IQR: 10-53). Physicians did not explain to families that organ support is routinely discontinued after declaration of brain death in any of the productions. Two productions (8%) included support teams (social work, religious leaders) to assist the family in managing their grief and understanding brain death. In five of the brain death cases (26%), the family believed the patient was still alive after declaration of brain death. Four (80%) of these families ultimately came to terms with the fact that their family member was dead. The fifth case involved a mother who voiced religious objection to declaration of DNC, but we do not know the outcome of this situation because the plot continued in additional episodes that were not available to us.
Eight (33%) productions (one from 1984 and the remainder from 1996 to 2014) acknowledged that brain death is legal death. Early productions appropriately demonstrated that medical determination of death did not always equate to legal determination of death. With reference to declaration of death, an actor in a production from 1978 states, "Society is leaving it up to the doctors." In a show from 1984, a physician refers to a patient as being "clinically dead." A lawyer responds, "The law varies on your interpretation of death." The physician says, "You're making a legal judgment. I'm making a medical one." The lawyer says, "I can find plenty of doctors willing to challenge you."
Organ donation after brain death Organ donation was addressed in 3 productions (43%) from 1978 to 1995 and 14 productions (82%) from 1996 to 2015. Three of these productions (from 1995, 2009, and 2010) showed or described conversations with families and representatives from organ procurement organizations (OPOs). In 10 productions, physicians approached the family, and in 1, a medical student approached a family to discuss organ donation. In six cases, physicians had a specific organ recipient in mind. Both reviewers strongly/somewhat agreed that the Table 3 shows examples of some of the misleading or incorrect situations and statements about organ donation that we identified.
Discussion
Medical television shows are very popular among the general public. Information garnered from these shows is often perceived to be authentic. Studies looking at television and cinema portrayal of a variety of medical topics ranging from human papillomavirus to childbirth to survival after cardiopulmonary resuscitation demonstrate that productions have the potential to either educate or mislead the public (14-18).
Does a television or film audience critically evaluate footage to parse out what is fictionalized and what is based on fact? Or are television and film seen as sources of education on medical topics? Given the fact that the public is rarely exposed to brain death outside of television, cinema, and media, it is important that these sources provide accurate information. Although the topic is quite complicated and nuanced, if brain death is being referenced or portrayed, it should be done in a realistic and accurate manner to avoid propagation of misinformation (21) . Unfortunately, mainstream media does a poor job of educating the public about brain death (22) . To our knowledge, ours is the first study that looked at portrayal of brain death in television and movies. We found that productions about brain death provide poor education to the public and are frequently misleading. A complete brain death evaluation was not included in any productions and time of death was often unclear. These depictions, which range over many years, increase public confusion about the difference between brain death, coma, and a persistent vegetative state (9,10).
A major reason why it is important for the public to understand the meaning of brain death is that brain dead patients can be organ donors. As of July 2016, there were 120 039 people in the United States awaiting a lifesaving organ transplant, but a new person is added to the national transplant waiting list every 10 min and an average of 22 people die each day while awaiting an organ (23) . Organs are donated by a mere 20% of potential organ donors worldwide each year (24) . Procurement coordinators note that inadequate comprehension of the meaning of DNC is a major reason why families of prospective donors do not consent to donation (13, 25) . In fact, in a public survey about organ donation, 80% of people said they would agree to donate a family member's organs if they were told their family member died, but only 63% would agree if they were told their family member was brain dead (24) . Because television is a key source of medical information for the public, the donation community began working with the entertainment industry in 2007 to improve the quality of education about organ donation on medical shows through a project called Donate Life Hollywood. Nonetheless, in a review of 49 episodes of medical dramas from 2008 to 2010 that dealt with organ donation, Harbaugh et al found that negative messages were more prominent than positive messages about donation and transplantation (26) .
Similarly, we found that discussions about organ donation in the productions we reviewed were grossly unprofessional and the depiction of organ donation contained misleading statements and situations. The most In the late 1970s, the concept of brain death was not widely accepted as being consistent with legal death, although it was considered to be medical death. Management of these patients varied and in some cases, organ support was discontinued, but in others, patients were kept on organ support until cardiopulmonary arrest. This generally occurred shortly after brain death, not years after brain death. A physician, who does not declare the patient dead until later in the show, says, "He is clinically dead" (1984)
It is not clear to the viewer at this point whether the patient is dead or alive. A physician noted that a patient was brain dead, but a second physician said the patient was not dead until he pronounced him dead. The pronouncement was then delayed because a man who assaulted the patient, leading to his brain injury, filed an injunction and got a court order to prevent pronouncement of death/discontinuation of organ support in order to avoid being charged with manslaughter (1984) This sequence of events incorrectly implies to the viewer that a court will allow: (1) a person who is not a patient's next-of-kin to object to declaration of death or discontinuation of organ support; and (2) that this objection can be made in order to avoid legal punishment.
A patient was noted to be clinically dead. Organs were donated. Time of death was then declared after the patient's heart was removed for organ transplantation
Death must be declared prior to organ recovery. This sequence of events implies to the viewer that death is the result of organ recovery.
A physician told a patient's sister, "Your brother is dead.
There may be some electrical activity. He can even blink his eyes, but he's not really there" (1995) This explanation of brain death is incorrect. Blinking is mediated by cranial nerves, which do not function in brain death. After explaining that a patient is brain dead, a physician stated that the patient was still alive (1995)
Based on this dialogue, it is not clear to the viewer that a brain dead patient is legally dead, and therefore is not alive. A patient was declared brain dead and organ support was discontinued. The patient continued to breathe spontaneously for days (1995) If a patient is brain dead, their heart will not beat and they will not breathe once organ support is discontinued.
After resuscitation following a cardiac arrest, no neurologic exam was performed, but a physician said, "Send him up for an apnea test and see if he's got any brain left" (1996) This suggests that an apnea test can replace a clinical examination for brain death.
A physician declared a patient brain dead then said to another physician, "Talk to the mother. See if you can persuade her to the pull the plug" (1998) This implies to the viewer that discontinuation of organ support after declaration of brain death is an option. This is not the case. Organ support is routinely discontinued after declaration of brain death unless organ donation is planned. A physician asked a family to "sign a release to take [a brain dead patient] off the ventilator" (2004) This incorrectly suggests to the viewer that it is not routine practice to discontinue organ support after declaration of brain death, and that a family must give permission for this to be done. A physician says, "Isn't he legally dead?" A second physician responds, "He's kinda still around" (2005) It is not clear to the viewer when the patient is officially determined to be dead. Physician to another physician after declaration of brain death, "We have to convince the family to pull the plug"
This implies to the viewer that discontinuation of organ support after declaration of brain death is an option. It also suggests that the medical team is trying to coerce the family. This is not the case. Organ support is routinely discontinued after declaration of brain death unless organ donation is planned. A physician says, "Her body is alive, but unfortunately her brain is dead" (2008) By stating that a patient is both dead and alive, it makes it impossible for the viewer to understand whether the patient is dead or alive. A physician declared a patient brain dead intraoperatively. No further evaluation was conducted postoperatively, and the patient was treated as dead (2008) A patient cannot be declared brain dead intraoperatively.
Declaration requires a clinical examination and apnea test.
(continued)
egregious of these included multiple situations in which medical teams appeared dismissive and lacked empathy for the families of brain dead patients and demonstrated they were willing to cross ethical and legal lines in order to procure organs for prospective recipients. These sensationalistic storylines suggest that physicians and nurses are strong advocates for patients awaiting transplants, but they also imply that medical teams do not appreciate the need to consider a family to be an extension of a patient. Families should be treated with respect and appropriately educated and counseled about the meaning of DNC and about organ donation (27) . Provision of psychological support to families of patients with catastrophic brain injuries significantly increases rates of organ donation (28) .
The majority of productions we reviewed incorrectly showed the organ donation process being initiated by a member of the medical team. In reality, in order to create a clear divide for families between the treatment team and the organ donation process, the topic of organ donation is not addressed by clinicians. Representatives from OPOs work closely with medical teams to assess the appropriate time to introduce the idea of organ donation and educate families of brain dead patients about the donation process (29) .
While many of the productions we reviewed showed physicians selecting recipients for donor organs, this is in fact not the case. OPOs match organs to recipients based, not on institution, but on waitlists that are prioritized by need-based models such as the lung allocation score and the kidney donor profile index (29) .
It is clear that improving portrayal of brain death and organ donation in television and movies requires better communication between the entertainment industry, neurologists, and the transplant community. In some instances, actors, writers, and producers initiate the effort to ensure realism in their portrayals of medical situations. For example, the BBC medical drama writers for Call the Midwife routinely search open-access journals and consult experts in order to ensure accurate phraseology, pronunciation, and portrayals of medical topics (30) . As our findings show, unfortunately the entertainment industry does not routinely go to such lengths when portraying brain death. As such, it is very important for physicians, nurses, and organ procurement representatives to partner with television and film writers and producers to ensure accurate portrayals of brain death and organ donation and thereby improve public education on these topics (26) . This may be challenging, as Hollywood may not be open to such efforts. In a series of interviews on how best to approach the industry, Shields et al found that respondents believed attempts to impact the entertainment industry are considered censorship of artistic freedom at best and A physician tells a patient's husband that the patient has little brainstem function. Brain death is not mentioned. The physician then says, "The machines can keep her alive, but her quality of life would be so poor, basically the way it is now." The husband says, "If we do go ahead and take her off the machines?" The physician says, "There's no if, it's when. I have a legal obligation, you know that." The husband asks, "How long will she last?" and the physician says, "It's hard to say. It could be a few days, it could be a couple of weeks" (2011)
Brain death is not explicitly mentioned here, so it is unclear to the viewer whether the patient is being portrayed as brain dead or as being in a vegetative state. If she is brain dead, her heart should not continue beating for days to weeks when the ventilator is discontinued. If she is in a vegetative state, it is not clear why the physician reported having a legal obligation to discontinue organ support.
A physician tells a patient's mother, "He's on life support. These statements incorrectly suggest that a patient who is brain dead is still alive.
A physician noted that a patient had "little brainstem function." A gag was still present, but in order to assist with prognostication and to help the patient's family make a decision whether to withdraw care, the physician conducted an apnea test (2015) An apnea test is only conducted when a physician believes a patient is brain dead. If a patient still has a gag reflex, they cannot be brain dead. fascism at worst. One studio executive noted that only the "threat of regulation" causes change in Hollywood. The authors recommended using the Directors, Writers, and Actors Guilds as conduits to people working in the industry (31) . Another potential route to improving portrayal of medical topics such as brain death in film and television is by creating a certification program, as was done by Got Your 6, an advocacy group that arranges for military-themed projects to be reviewed by a panel in order to determine if they are "reasonable and accurate" (32) . Although film and television are intended to entertain audiences, because the public often treats them as sources of education, it is important for productions to be both compelling and informative.
Limitations
This study has limitations. We were only able to watch 24/34 (71%) productions that met our inclusion criteria. Additionally, our sample size is fairly small. Although it is possible that there are additional shows or movies that deal with brain death that were not identified by our search, given that we relied on the extensive libraries at the Paley Center (19) and Internet Movie Database (20), we believe our sample size is reflective of the scarce number of productions that address this topic. Involving a patient's physician in discussions of organ donation (rather than an organ procurement representative) suggests that a physician has an ulterior motive when declaring brain death. After a patient was declared brain dead and the family agreed to organ donation, the physician allowed them to extubate the patient at the bedside, then brought him to the operating room for organ harvesting (1995)
Ventilatory support is not discontinued prior to organ donation after brain death. This allows the organs to continue to be oxygenated until they are retrieved.
After declaration of brain death, a family objected to discontinuation of organ support. The patient was made DNR. The medical team introduced the idea of organ donation. While the mother was thinking about this, the patient's heart stopped and a physician shocked him and treated him because he wanted to donate the organs to another patient (1998) This implies that physicians are so eager to harvest a patient's organs, they would violate a family's wishes.
A medical student introduced a woman who was deciding whether or not to donate her daughter's organs to a woman whose daughter needed a transplant (1998) This can be seen as coercion to donate organs.
"I never liked harvesting. I'm a surgeon. I save lives. This ends one" (2005) This statement implies that a brain dead patient dies as a result of organ donation. A crucial tenet to donation is that a patient is dead prior to donation. An intern sought out a brain dead patient who was a match for a patient who needed a transplant. He then lied to the family and told them that he previously donated an organ in order to try to convince them to donate the patient's organs (2006) This incorrectly suggests that a transplant surgeon can search for a donor independent of an organ procurement organization.
A physician evaluated every patient in the hospital to determine if any of them could be a donor for his patient. He then approached the family of a brain dead patient who was a match for his patient and requested the family donate organs for his patient (2009) This incorrectly suggests that a transplant surgeon can search for a donor independent of an organ procurement organization.
A nurse went through a patient's belongings and pretended she found documentation that the patient was an organ donor. The patient's family voiced opposition to donation, but the nurse said they had to defer to the patient, so the organs were donated (2009) This suggests that a medical team will do anything necessary to procure organs.
A patient was not formally declared brain dead, but a nurse told the organ procurement organization that the patient was brain dead. Despite the fact that she couldn't tell them the time of death, they accepted her word and organs were harvested without the patient ever being declared dead. She later acknowledged that this was illegal (2009) This incorrectly suggests that the medical team can take shortcuts to donate organs.
Conclusions
We found that productions about brain death provided poor education to the public and were often misleading. Because public understanding and acceptance of brain death impacts rates of organ donation, it is important to improve the accuracy of portrayals of brain death and organ donation in television and movies.
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